T win pregnancies are at increased risk for preterm birth, intrauterine growth restriction, and a number of multiplet-related conditions. Monochorionic twins have additional risks for death and morbidity, primarily because of the twin-to-twin transfusion syndrome and congenital abnormalities. [1] [2] [3] [4] [5] Although registry data in Western countries (Euro-Peristat) confirm a crude 2-to 3-fold increased perinatal risk of death in a twin pregnancy, 6 only few reports have compared mortality and morbidity rates between twin and singleton pregnancies by taking into account differences in gestational age at delivery. They all found a lower perinatal mortality rate in twins who were born at <37 weeks of gestation. [7] [8] [9] These studies were all small, with the exception of 1 (Kahn et al 7 ) , and did not include separation between zygosity and chorionicity in twins, nor did they take into account known prognostic important factors such as parity and socioeconomic status (SES) of the mother and sex of the child.
The objective of this study was to compare perinatal mortality rates in relation to gestational age at birth between singleton and twin pregnancies, taking into account parity, SES, fetal sex and mode of delivery. For this study, we used a large national anonymized data set from The Netherlands Perinatal Registry. 10 
Materials and Methods General
This was a retrospective populationbased cohort study. We obtained, after previous permission from The Netherlands Perinatal Registry (Perined), 11 aggregated data and analyses on all births in The Netherlands from 2002e2010. This registry contains information on approximately 95% of all births from 16.0 weeks of gestational age onwards, where coverage of twins is even higher. Details of this dataset can be found elsewhere. 10 
Variables
The Perined dataset includes routine maternal data on age, parity, socioeconomic background (zip-code based), and ethnic background. Information is available on intervention (induction of labor, mode of delivery [instrumental, elective, and emergency cesarean]), neonatal intensive care unit admission of the child, and specific features of the delivery.
Data on the child comprise singleton or multiplet, sex of the child, presence of congenital anomalies, gestational age at birth, birthweight, and Apgar score at 5 minutes. From birthweight, sex, and gestational age, the birthweight is computed as a percentile score. 12 Data are recorded on the size of the multiplet and for each child its rank number at birth. No information is available on zygosity/chorionicity. Congenital abnormalities were recorded if they were present and recognized either Original Research ajog.org at birth or at first neonatal intensive care unit admission by the neonatologist and include any abnormality already noticed during antenatal ultrasound scanning or, occasionally, with genetic tests. All children with congenital abnormalities were excluded. Gestational age was calculated from the first day of the last menstrual period or from an ultrasound dating scan by measurement of the crown-rump length in the first trimester. In this period, 91% of the pregnancies had a reliable dating, which was obtained by a first-trimester dating scan. 10 For twins conceived spontaneously, dating was based on the mean crown-rump length measurement of both fetuses. Pregnancies that were achieved by assisted reproductive technology were dated based on the assisted reproductive technologyederived gestational age.
In this report a gestational age of 37 weeks means 37 weeksþ0 days to 37 weeksþ6 days containing whole-week groups. For this analysis, births between 28þ0 and 43þ6 weeks of gestation were included, to allow comparison with data from other countries in which registration practices may differ at earlier gestational ages. 6 Children with missing gestational age at birth were excluded from the analysis. A total of 1839 children from a twin pregnancy were excluded because a twin pair could not be linked or information on congenital malformations or gestational age of 1 of the twins was missing. In this group, there were 42 perinatal deaths. If 1 of the twins died at <28 weeks of gestation, both children were excluded from analysis. If 1 of the twins died at >28 weeks of gestation and the pregnancy continued for the benefit of the other twin, the gestational age at birth was registered for both twins; the exact gestational age of death for the dead twin was not available in this database.
Perinatal mortality rate was defined as fetal or neonatal death up to 7 days after birth; antepartum death was defined as death that occurred before labor; intrapartum death was defined as death during labor, and neonatal death was defined as death that occurred within 0e7 days after live birth. This information is always available in all cases.
Statistical analysis
Perinatal mortality rate was expressed as rate (number of deaths per 1000 infants, including stillbirths). Mortality rate was subdivided to time of occurrence: antepartum, intrapartum, and neonatal. Multivariate logistic regression analysis: singleton pregnancies vs all twin pregnancies (P<.001; singleton pregnancies vs dizygotic twin pregnancies with unequal gender (P<.001); all twin pregnancies vs dizygotic twin pregnancies with unequal gender (P<.18).
a Per 1000 infants.
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Perinatal mortality rate was compared between singleton and twin pregnancies, according to gestational age. The mortality rates at 42 and 43 weeks of gestation were not displayed because of the extremely small number of cases. Comparisons were made between groups with the use of multivariate logistic regression with gestational age in the model or chi-square test.
The mode of delivery in singleton and twin pregnancies was studied. Vaginal delivery was divided in spontaneous vaginal delivery and instrumental delivery and defined as delivery by forceps or a vacuum device. Cesarean delivery was divided into planned cesarean section, which was defined as a scheduled or elective cesarean delivery, and an emergency cesarean, which was defined as any cesarean delivery that was not planned or scheduled.
To investigate the influence of parity, maternal SES, and child sex, we calculated perinatal mortality rates for each parameter for twin and singleton pregnancies: parity (0 vs !1), SES (p<20 poor vs p>20), and child sex (male/female). For classification of SES, the "socioeconomic status score" was used as a proxy. This score takes into account the average income per household in a given 4-digit postal code area and the percentage of households with low income, without paid job, and with low education level. 13, 14 The level of SES was categorized as low if the score was <20th percentile.
No information on zygosity was available in the data set. The only information we could obtain on zygosity indirectly were the twin pairs with unequal gender; male-female twins are per definition dizygotic and dichorial.
Results
We studied 1,502,120 singleton infants and 51,658 twin infants who were born from 2002e2010 after 28 weeks of gestation. In singleton pregnancies, there were 6,087 perinatal deaths (4.1/1000). For twins, a total of 340 deaths occurred that resulted in a perinatal mortality rate of 6.6 per 1000 infants. The perinatal mortality rate according to gestational age is shown in Table 1 .
Of all twins, 46% were born at <37 weeks of gestation, in contrast to only 5% in the singletons. For deliveries at <37 weeks of gestation, the perinatal mortality rate in twins was 10.4 per 1000 infants compared with 34.5 per 1000 infants in singletons. For infants who were born at <34 weeks of gestation, mortality rates were 17.2 per 1000 infants in twins and 93.6 per 1000 infants in singletons.
In singleton pregnancies, perinatal mortality rate decreased with increasing gestational age, with the lowest mortality rate at 40 weeks of gestational age. In twin pregnancies, mortality rates also decreased with increasing gestational age, with the lowest mortality rate at 38 weeks of gestation and an increase thereafter (Figure 1 ). In the preterm period, the perinatal mortality rate in twin pregnancies was substantially lower than in singleton pregnancies. After 39þ0 weeks, the mortality rate was higher in twin pregnancies. Figure 2 shows the perinatal mortality rate according to time period of occurrence of death. In both singleton and twin pregnancies, most perinatal deaths occurred in the antepartum period, followed by the neonatal period and the intrapartum period, respectively. In singleton pregnancies, the distribution of the time period of death was 72% antepartum, 9% intrapartum, and 19% neonatal; for twin pregnancies, this distribution was 59% antepartum, 6% intrapartum, and 35% neonatal. Antepartum mortality was significantly lower in twin pregnancies as compared with singleton pregnancies during the whole preterm period (P<.001). After 40 weeks of gestation, antepartum mortality rates were significantly higher for twin pregnancies (P¼.02). The intrapartum mortality rate was significantly lower from 31e33 weeks of gestation but did not differ in the term period. The neonatal mortality rate was more or less similar during the whole preterm period; mortality rates were higher for twin Perinatal deaths: singleton and twin pregnancies
The perinatal mortality rate in singleton and twin pregnancies according to gestational age at birth. The perinatal mortality rate per 1000 infants is shown, with 95% confidence intervals. (Table 2) .
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In both singleton and twin pregnancies, nulliparity was related to higher overall mortality rates. Poor maternal SES (<20th percentile) and male fetal sex were related to higher overall perinatal mortality rates in singleton pregnancies; in twin pregnancies, the rates were also higher in these groups but were not significant (Table 3 ). Figure 3 shows twin and singleton mortality rates per parameter for gestational age. Within the singleton and twin pregnancy groups, mortality rates did not differ for parity, fetal sex, and SES.
Overall the perinatal mortality rate was slightly lower in dizygotic twins of unequal gender as compared with all twins; this held for most gestational ages (Table 1; Figure 4 ). For infants born preterm, mortality rates were lower in dizygotic unequal gender twins than in singleton infants.
Comment
This study shows that, in a large contemporary population of infants without congenital abnormalities born at >28 weeks of gestation, the overall perinatal mortality rate was higher in twin pregnancies compared with singleton pregnancies, which is in accordance with the literature. 5 However, the perinatal mortality rate in preterm twin pregnancies was considerably lower than in singleton pregnancies. For antepartum mortality rates, this held for the whole preterm period and for intrapartum mortality rates at 31e33 weeks of gestation, but not for neonatal mortality rates. Data did not change when parity, sex, and SES were taken into account.
An explanation for the lower preterm perinatal death rates in twin pregnancies, as compared with singleton pregnancies, might be a difference in the cause of preterm delivery. In the latter population, many of the preterm deliveries are associated with pathologic conditions such as preeclampsia and fetal growth restriction, whereas in twins of twin pregancies preterm contractions because of uterine overdistention is the most likely causative mechanism in the 
Antepartum, intrapartum, and neonatal mortality rates
The perinatal mortality rate in singleton and twin pregnancies according to time of occurrence of death and gestational age at birth. Perinatal mortality rates per 1000 infants are shown, with 95% confidence intervals. Original Research OBSTETRICS ajog.org majority of cases.
15, 16 However, it is unlikely that this may explain the lower antepartum mortality rate, especially because we included both mono-and dizygotic twin pregnancies in our study. An explanation for the lower antenatal mortality rate may be that, in twin gestations with 1 fetal death, pregnancy might have been continued for the benefit of the other twin, which resulted in a later (term) delivery and inaccuracy in determination of the timing of the fetal death. This is unlikely to occur in a singleton pregnancy. This may have lowered the preterm antenatal mortality rate and increased the term mortality rate in twin pregnancies. However, in this study, 73% of deaths in twins were recorded as having occurred during the preterm period (Table 1; ie, this will not account for the differences found). Another important reason might be that twin pregnancies are considered to be at high risk and therefore are monitored more closely than singleton pregnancies in the same period. According to the national guidelines, this includes longitudinal ultrasound measurements of fetal biometry, screening for signs of twin-to-twin transfusion syndrome in monochorionic twins, and the care that was given by an obstetrician 17 Such monitoring does not occur in the case of singleton pregnancies, which may be cared for by midwives, general practitioners, or obstetricians.
Uncomplicated dichorial twin pregnancies are advised to be induced into labor at <40 weeks gestational age. For uncomplicated monochorial diamniotic and monoamniotic twin pregnancies, the induction of labor is advised at 36e37 and 32e34 weeks of gestation, respectively. For uncomplicated singletons pregnancies, the induction of labor is advised at 42þ0 weeks of pregnancy; induction may be considered at 41e42 weeks if the parents prefer this. 17 Our observations regarding deaths in relation to gestational age at birth are supported by some previous studies. Kahn et al 7 evaluated the prospective risk of fetal death in singleton, twin, and triplet pregnancies and found lower antepartum mortality rates in twin pregnancies, compared with singleton pregnancies, until week 37 of gestation. In another study from Korea, 609,643 singleton and 9805 twin pregnancies were studied; the neonatal mortality rate was lower in twin pregnancies than in singleton pregnancies with a gestational age of >29 weeks. 8 A third study on fetal and neonatal mortality rates for singleton and multiple births in the United States over the years 1985e1988 and 1995e1998 showed that, for deliveries at <37 weeks of gestation, fetal mortality rates were lower in twin pregnancies than in singleton pregnancies. 9 Finally, a large study from Canada 18 has shown that the risk of stillbirth in nonmalformed twins was <1 per 1000 for infants born preterm, which is considerably lower than antenatal stillbirth rates that have been reported by us and others in singleton pregnancies. 19, 20 The lower antenatal mortality rate in twin pregnancies, as compared with singleton pregnancies, may well imply that the monitoring of singleton pregnancies should be intensified to lower the stillbirth rate during the preterm period. However, it remains uncertain which assessment tools should be used (eg, Doppler uterine artery, umbilical artery, middle cerebral artery, longitudinal growth assessment, markers of placentation, maternal risk factors). Moreover, identification of singleton pregnancies that are at risk of stillbirth may prove difficult, given the fact that most of them will have a fetal weight within the normal range. 20 In dizygotic twins of unequal gender, there was no clear increase in deaths until 40 weeks of gestation, which suggests that, in dizygotic twin pregnancies, modern surveillance expectant management may last until that age, although The perinatal mortality rate in singleton and twin pregnancies according to parity, sex, and socioeconomic status Data from the Cochrane library indicate that delivery at 37 weeks of gestation, compared with ongoing expectant management for women with an uncomplicated twin pregnancy, does not appear to be associated with an increased risk of morbidity or death; however, specific data on chorionicity could not be provided. 21 A strength of this study is its large population-based sample size. However, some limitations of this study need to be mentioned. Twin pregnancies with missing data of 1 or both children were excluded, as were singleton pregnancies with missing data. In case all 42 deaths that were excluded in the twin group had occurred in the preterm period, mortality rates in twin pregnancies would have been approximately 17% higher, which would still be considerably lower than that in singleton pregnancies during the preterm period. The overall perinatal mortality rate in twins born at <37 weeks of gestation was 10.4 per 1000 births; in singleton infants, the rate was 34.5 per 1000 ( Table 1 ). The addition of 42 deaths to the twin cohort who were born at <37 weeks of gestation would increase the perinatal mortality rate to 12.1 per 1000. Other limitations include the lack of information on the causes of death and possible inaccuracies in the registration of the time of occurrence of death, especially for distinction between antepartum and intrapartum death. 24 Another limitation is the lack of data on zygosity and placental chorionicity. The perinatal mortality rate is higher in monozygotic/ monochorial twins. 2 To estimate perinatal mortality rates in monozygotic twin pregnancies, the Weinberg formula may be used. 25 With this formula, it is assumed that (1) the number of dizygotic twins with unequal gender is the same as that of dizygotic twins of equal gender, (2) within dizygotic twins, the death of 1 twin is independent from the gender of the other twin, and (3) within dizygotic twins, a perfect balance exists between the number of male-male and female-female twins. With this formula, death in monozygotic twins may be calculated Parity, socioeconomic status, and sex
The perinatal mortality rate in singleton and twin pregnancies according to parity, sex, and socioeconomic status at birth. Perinatal mortality rates per 1000 infants are shown. Original Research OBSTETRICS ajog.org using the following absolute numbers: A (total twin deaths)eB (dizygotic twin deaths [death in dizygotic twins of different gender]Â2)¼C (deaths in monozygotic twins). By using this formula, we found that overall the perinatal mortality rate was higher in monozygotic twins than in dizygotic twins; this held for most gestational ages (supplementary Figure) . However, preterm mortality rates were lower in monozygotic twin pregnancies than in singleton pregnancies. This method has been used frequently in previous literature on twin pregnancies. The reliability of this rule's assumptions has never been verified conclusively nor rejected, 26 We have chosen not to include these data in the Results section.
The overall perinatal mortality rate was higher in twin pregnancies than in singleton pregnancies. This is most likely caused by the high preterm birth rate in twin pregnancies and not by a higher mortality rate for gestation, apart from term pregnancies. During the preterm period, the perinatal mortality rate, and especially stillbirth, was much lower in twin deliveries than in singleton deliveries. We hypothesize that this might, among others, be due to the closer monitoring of twin pregnancies, which indirectly suggests a need for closer monitoring of singleton pregnancies. Future research should concentrate on data on zygosity and causes of death to develop optimal risk-reduction strategies. n
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The perinatal mortality rate in singleton and twin pregnancies according to zygosity and gestational age at birth. Data on twin zygosity were estimated with the use of the Weinberg formula. The mortality rates after 41 weeks of gestation were not displayed because of the extremely small number of cases. ajog.org
